Objective: using the urinary cotinine biomarker to verify the occurrence of green tobacco sickness in workers who cultivate Burley tobacco. Method: paired case-control study, based on smoking status and on the 1:4 ratio, with participation of 20 case workers and 91 controls. Data collection included household surveys and urine collection for cotinine examination. Student's T-Test, the Mann-Whitney test, Pearson's chi-square or Fisher's exact tests were used. Results: of the 23 suspected cases, 20 showed elevated levels of cotinine, signs and symptoms of headache, skin irritation, nausea, sickness and general malaise, especially in the morning. Most had worked with tobacco that was wet from the morning dew and when the weather was warm. Conclusion: there are signs suggestive of green tobacco sickness in Burley tobacco workers. The action of health professionals is necessary for the development of health promotion and preventive actions addressing workrelated illness.
Introduction
Studies have revealed the close relationship between tobacco production modes and health problems and demonstrated the conditions that negatively influence the health status of tobacco-producing families (1) (2) (3) . The activities developed in tobacco production expose workers to the risk of illness, such as osteoarticular disorders, diseases caused by solar radiation, acute and chronic intoxications caused by pesticides, respiratory disorders, mental diseases and green tobacco sickness (GTS) (3) (4) .
The health risks associated with tobacco production were registered in 1713 by Bernadino Ramazzini, with the description of signs and symptoms such as headache and gastrointestinal disorders in Italian tobacco producers (5) . Only in 1970, in Florida -United States of America (USA), GTS was reported as a specific disease of rural tobacco workers (6) .
GTS is an acute intoxication triggered by dermal absorption and nicotine inhalation, with the following signs and symptoms: nausea, vomiting, weakness, dizziness, headache, insomnia and loss of appetite (3, (7) (8) .
These signs and symptoms affect workers mainly during planting, cultivation, harvesting, curing and baling (9) (10) , occurring especially when their clothes or the tobacco leaves become wet with rain, dew or sweat (5) .
The morbidity of GTS affects almost a quarter of tobacco workers (11) . Workers are diagnosed with it based on their history of exposure to tobacco culture, presence of signs and symptoms of acute intoxication and abnormal cotinine dosage (8, (12) (13) .
The absorbed nicotine is bio-transformed into cotinine, its main metabolite and can be detected in the various biological fluids of individuals exposed to tobacco, such as urine, saliva and blood, having a biological half-life of about 20 hours (5, 8) . In this sense, one of these biomarkers should be used to verify the presence of GTS (14) .
In Brazil, the presence of GTS was confirmed for the first time in the Agreste Alagoano region, in 2007 (10) , by testing the workers' urinary cotinine using the High Performance Liquid Chromatography method (HPLC).
This method is the one adopted by most national and international studies, seeing as it is specific and its detection limits are lower (15) . Similarly, in 2008, GTS was confirmed in workers from a municipality in the Vale do Rio Pardo region, in Rio Grande do Sul (RS), in a case-control study (8) .
The need for this study was based on the evidence found in a research project (16) which identified, using self-reports, the presence of signs and symptoms during the tobacco production process, especially in the stages of harvesting and preparation of the leaves, which would be suggestive of GTS. In addition, there is a need to deepen the knowledge on this theme in workers who cultivate Burley tobacco, since there is a limited number of studies on this theme in Brazil. This need is also associated with the evidence found in a study (11) In this sense, studies on GTS in workers and families involved in the tobacco production process become relevant for the development of interdisciplinary and intersectoral actions to promote the health of the rural population, from an environmental perspective.
Health and disease are environmental phenomena in the relationships with nature and in the interrelationship between all beings (17) . These (inter)relationships develop into relationships of adequacy or inadequacy to the environment, which may cause imbalance, in the case of the present study, in human beings when they become ill, and also in the land, with the planting of tobacco.
Thus, as environmental health is a field of nursing practice, it is necessary that professional nurses acquire sufficient knowledge about the health-work-environment process, in order to develop actions directed to these workers in an individual and collective manner. In addition, there is a need for these professionals to become each time more inserted in the different spaces related to workers' health, especially to that of rural workers, so as to obtain scientific subsidies for the improvement of working conditions, which would minimize health problems.
In this sense, the objective of this study is to use the urinary cotinine biomarker to verify the occurrence of green tobacco sickness in workers who cultivate Burley tobacco.
Method
This is a case-control study, represented by the if they were not the same as in the previous harvest, the work process was the same, and the environmental variability was minimal, having not significantly influenced the final results.
The following inclusion criteria were adopted: rural workers who were cultivating Burley tobacco; who were in the harvesting stage during the data collection period; who had worked with Burley tobacco farming in the seven days preceding the interview; who had not been exposed to other varieties of tobacco in the seven days preceding the interview; who had not been exposed to pesticides in the seven days preceding the interview; who were 18 years of age or older, and who were willing to provide a urine sample. The exclusion criteria were workers who were pregnant and those with self-reported mental/psychological disorders that made it impossible for them to understand the questions of the research instrument. (8, 10) and international (14) studies. Considering a 5% significance level, prevalence of the estimated GTS at 20%, ratio of four controls for each case and 4.5 minimum odds ratio, the minimum number would be 19 cases and 76 controls, totaling 95 workers. Of the 159 tobacco workers, 37 did not participate, because they did not meet the inclusion criteria.
According to studies (8, 10) conducted in Brazil, workers who reported signs and symptoms of acute intoxication (headache, nausea, vomiting, dizziness or weakness) 48 hours prior to the collection of a urine sample were considered suspected cases. The suspected cases with cotinine level above the reference values established by the laboratory were confirmed, these being: <20 ng/mL (nanogram per milliliter) for nonsmokers; from 20 to 50 ng/mL for passive or occasional smokers; >50 ng/mL for smokers, detected by the urine test. The controls were workers who did not show any signs and symptoms of acute intoxication (headache, nausea, vomiting, dizziness or weakness) in the seven days preceding the interview.
Cases and controls were paired based on smoking status, because tobacco consumption can reduce the occurrence of GTS (12) due to the constriction of the vessels caused by consumption, metabolic adaptation or the tolerance acquired under the long-term effects of nicotine (18) . The individuals who smoked any type of tobacco every day for at least six months were considered smokers (19) .
Although the questionnaire that subsided the preparation of the instrument has already been applied to another population of workers, a pilot test of the collection instrument was performed with a group of ten workers -selected by convenience -, to ensure its validity, accuracy and reproducibility, as well as to identify any possible flaws in its wording and measure the duration of its application. The selection by convenience and these instruments were not part of the final sample. With the application of the test, it was possible to improve the writing of some questions, making them more understandable and objective for the workers; in addition, one question was excluded, and three others were included.
Household surveys were conducted for the collection of data, using an instrument adapted from other research (8) , that includes identification data, The method used by the same laboratory of this research project is described in a study (10) , while the validation of the method for identification of cotinine in urine using HPLC is also reported in another study (15) 
Results
Twenty-three Burley tobacco workers were defined as suspected cases, and of these, 20 were confirmed by the result of the urinary cotinine test.
Of the confirmed cases, 11 were men; their mean age was 43.5 years old and they were mostly white (18; 90%), with 7.3 years of education on average. As for the ingestion of alcoholic beverages, 14 (70.0%) reported using them, while five (35.7%) reported their consumption frequency to be from one to two times a week, as described in Table 1 . Table 1 shows that the disease was not associated with sex, age, ethnicity, education level, use and frequency of alcoholic beverages. One of the inclusion criteria in this study was not having been exposed to pesticides in the last seven days. When questioned about the last time they had come into contact with pesticides, the median obtained was 30 (9-40) days.
The workers reported the time elapsed since their last contact with tobacco until the time they collected the first morning urine. The median obtained was 11.5 (10-15) hours for the case workers and 12 (10-15) hours for the control workers.
During the Burley tobacco harvesting period, 23 suspected cases were identified. Of these, three had undetectable cotinine levels, while 20 had abnormal levels. Table 4 shows the urinary cotinine dosage of the control workers, with a median of 98.5 (30-206.7) ng/mL.
It should be noted that 61 non-smoking control workers and two passive smoking workers did not show the signs and symptoms of GTS, but their cotinine levels were above the reference values.
In the urinary cotinine analysis, the smoking status was stratified (smoker versus non-smoker). There was no statistically significant difference between the mean levels of cotinine of the smoking (p=0.222) and non-smoking (p=0.088) case and control workers, as shown in Table 4 . 
Discussion
This article aimed to verify the occurrence of GTS in workers who cultivate Burley tobacco, which contributes to approximately 14% of the total produced in the southern region of Brazil (20) . Burley tobacco has a dark hue and contains, on average, three to four times more nicotine than the Virginia variety (11) .
The production of tobacco developed in small farms involves the intensive use of the workforce of producing families at all stages of production, and some, such as the planting of seedlings and harvesting of the tobacco leaves, require the involvement of practically the entire family (21) . In this way, the participation of both men and women in the present study is revealed, mostly of men, in the group of cases as well as in the control group.
These findings are similar to those of other studies developed in Brazil with the same methodology (8, 10) .
It is important to pay attention to women's workload because, in addition to participating in the tobacco production process, they have to do housework as well as help their companions in other activities around the property, such as milking cows.
In a cross-sectional study (9) carried out with tobacco workers, a higher prevalence of GTS was found in women (11.9%) compared to men (6.6%), which was related to biological differences, since women have greater dermal area (body volume) for the absorption of nicotine.
As for the workers' age, both cases and controls are adults considered to be "mature", contrary to the published national investigations, where the median age of the cases was 21 years old (10) and their mean age was 33 years old (8) . In a cross-sectional study, age remained associated with GTS among men, and those who were between 30 and 39 years old were shown to be at higher risk (9) , which was related to the greater work intensity of young workers.
The signs and symptoms reported by the workers in this research project (headache, skin irritation, nausea, among others) were also described in other studies (1, 8, 10, 14) . Similar symptoms were described in a study conducted in the region of Vale do Rio Pardo, RS, during the tobacco classification period, in which the main symptoms were nausea, headache, dizziness, abdominal discomfort and weakness (22) . Vomiting, nausea, dizziness, and headache are caused by the stimulation or inhibition of cholinergic receptors in the central nervous system, leading to the clinical manifestations (4) described by the workers.
In this study, these manifestations lasted a median of five hours (from 15 minutes to seven days), but the mean duration described in the studies was from one to three days (12, 14) , varying from 21 hours (8) to 23 days (23) . Symptoms can start showing from a few minutes, since the contact with the worker's skin, to hours later (3 to 17 hour interval) (5) .
The signs and symptoms of GTS are often confused with pesticide poisoning and heat exhaustion (6, 8) . In this study, it can be stated that acute intoxication is not related to exposure to pesticides, because the harvesting stage implies in lower application of pesticides (8) , in addition to the workers being in contact with the plant for more than seven days at the time of sampling.
On the day the workers in this research project showed signs and symptoms of intoxication, they had worked with tobacco that was wet from the morning dew and rain, and the weather was hot. Soluble in water, the nicotine present in tobacco leaves is absorbed through the skin (hands, forearms, thighs, back and feet), and the water from the rain, dew or the worker's perspiration present in the plant enhances its transdermal absorption (6, (9) (10) . This evidence was confirmed in a research project (10) where an increase in the number of people with signs and symptoms of GTS in rainy days was identified.
In another study (24) carried out in Malaysia, it was found that tobacco workers working under wet conditions had pallor, rash, and muscle weakness more frequently.
The climate is an important factor for the development of GTS, since rainy and humid days especially increase the dermal absorption of nicotine, resulting in increased morbidity rates (23) .
The dew found on tobacco leaves usually soaks the workers' clothes shortly after they start working (6) . In addition to the dew, the workers in this research project reported that their clothes got wet from the rain and sweat, but most do not change them -this is a condition associated with GTS, as wet clothes may increase the workers' exposure to nicotine through dermal absorption (14) . For this reason, the use of PPE is indicated to reduce GTS (24) . In a case-control study conducted in eastern North Carolina, USA, it was shown that the www.eerp.usp.br/rlae 7 Cezar-Vaz MR, Cargnin MCS use of rainwear while working with wet tobacco can significantly reduce the risk of GTS among workers (18) , but most of the time, protective equipment is not used, since it complicates the harvesting process (4) .
In this research project, it was possible to show that the workers wear hats, pants and long-sleeved shirts to work with tobacco. These provide sun protection only since they are not waterproof. The polyurethane gloves used by some workers provide protection against moisture only on the palms (palmar face and fingertips) and on the back of the hands, with nylon (polyamide) threads, favoring ventilation for greater thermal comfort, but are however not waterproof.
Cotton gloves provide the least protection (78.5%), but are more comfortable and of low durability, while rubber gloves offer 93% protection (25) .
The use of gloves causes a significant reduction in nicotine absorption, reflected in the low rates of excretion of nicotine and cotinine (25) and the consequent reduction in the disease's symptoms. In a study (24) where the farmers did not wear boots or rubber gloves during work and worked in wet conditions, there were subjective symptoms such as nervousness, dizziness, pallor, rash, numbness and muscle weakness.
In another research project carried out in the central and southern regions of Rio Grande do Sul, the efficacy of a standard uniform with impermeable fabric (long-sleeved shirt, pants and nitrile gloves) was evaluated during the harvesting of Virginia tobacco leaves. The results indicate that the uniform provided around 98% protection (25) . Regarding the use of socks as a risk factor for GTS, there is no consensus in the literature, as it is referred to both as a risk and as a protection factor (13) ; the risk factor is existing because the high temperatures in the tobacco harvesting period, combined with wet tobacco handling and the use of boots and socks, increase sweating and perspiration, favoring transdermal nicotine absorption (6, 9) , as well as the hypothesis of absorption through the feet (9) . In contrast, the protective effect would be the use of socks, associated with other protective equipment, which would reduce the exposure to nicotine and, consequently, the chances of developing GTS (13) .
The measurement of cotinine based on biological markers allows more accurate estimates. Both nicotine and cotinine can be screened in urine, blood and saliva, organic materials that are easier to use routinely (14) .
Urinary cotinine, in addition to being easier to collect, has cotinine concentrations that are four to six times higher than other forms (26) .
In this study, the results of the cases' urinary cotinine examinations (median of 114.9 ng/mL) suggest the presence of GTS. The values shown by some control workers that were above the reference value indicated by the laboratory may be related, according to evidence published in a study (24) , to the dermal absorption of the nicotine contained in tobacco leaves. The median urinary cotinine among the case workers was higher than that of control workers (98.5 ng/mL), as well as the one shown by nonsmokers. The results presented here are similar to data from the literature (10, 24) .
In a study (5) developed in South Korea, with five urine collections at different time intervals, higher cotinine concentration was identified in the morning samples (mean of 500.71 ng/mL), and lower concentration was identified in the idle period after dinner (mean of 135.40 ng/mL).
In the study in which GTS was described for the first time in Brazil, with rope tobacco workers, the median of the cotinine levels found in the urine of the smoking case workers was 811 ng/mL, while for the control, it was 1,293 ng/mL; among the non-smoking cases, it was 288 ng/mL and for the control, it was 156 ng/mL (10) . In a study carried out in the region of Vale do Rio Pardo, Rio Grande do Sul, the mean cotinine levels in the urine of Virginia tobacco workers was 432 ng/mL for the cases and 353 ng/mL for the controls (8) . In the northern region of Rio Grande do Sul, cotinine levels ranged from 20.5 to 515.0 ng/mL among non-smoking workers (27) .
The difference in urinary cotinine levels may be associated with differences in the methodologies used by the studies, as well as, according to other studies (5, 27) , to the time of exposure to tobacco, ethnicity-related differences, urine collection time and smoking, as well as the action of enzyme CYP 2A6 (cytochrome P-450, Family 2, Subfamily A, Polypeptide 6), which is responsible for the degradation of the nicotine in the liver (27) and distributed in blood, saliva and urine (26) .
The high urinary cotinine dosage among the control workers was also described in a study carried out in Brazil, which suggested the dermal absorption of the nicotine contained in tobacco (10) . The consequences of contact with the nicotine in tobacco in the medium and long term have not yet been explored (1) .
Given this context, it is possible to perceive a socioenvironmental relationship in which the work process of workers in tobacco cultivation and their working conditions influence these workers' health and sickness, as well as the ecosystem's functions as a whole, with consequences also for the environment. The tobacco plant itself is a source of risk compared to other crops, and the various tasks involving tobacco production expose workers to the risk of developing GTS (28) .
As a limitation of the study, it should be noted that non-participant observation was not performed, which would allow monitoring the workers' exposure to risk factors and sickness during the work process. However, www.eerp.usp.br/rlae
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it is expected that the evidence found enhances the interest in new and necessary studies in the area, with analyses that offer a clearer categorization of the determinants related to the specificities of the work process and environment and their relation to the disease, including prospective studies to assess biological and external factors that may influence it.
Conclusion
The 
